Phyllosticta is an important genus known to cause various leaf spots and fruit diseases worldwide on a large range of hosts. Two new endophytic species of Phyllosticta (P. dendrobii and P. illicii) are described and illustrated from Dendrobium nobile and Illicium verum in China. Phylogenetic analysis based on combined ITS, LSU, tef1-a, ACT and GPDH loci supported their separation from other species of Phyllosticta. Morphologically, P. dendrobii is most comparable with P. aplectri, while the large-sized pycnidia of P. dendrobii differentiate it from P. aplectri. Members of Phyllosticta are first reported from Dendrobium and Illicium.
Introduction
Phyllosticta Pers. was introduced by Persoon (1818) and typified by P. convallariae Pers. Many species of Phyllosticta cause leaf and fruit spots on various host plants, such as P. citricarpa (McAlpine) Aa, which causes citrus black spot (Baayen et al. 2002 , Glienke et al. 2011 , P. ampelicida (Engelm.) Aa species complex that causes black rot disease on grapevines (Wicht et al. 2012) , and the P. musarum (Cooke) Aa species complex that causes banana freckle disease (Pu et al. 2008 , Wong et al. 2012 . Some species of Phyllosticta have also been isolated as endophytes from a wide range of hosts, and other species are regarded as saprobes, e.g. P. capitalensis Henn., P. carpogena (Shear) Aa and P. ericae Allesch. (van der Aa 1973 , Baayen et al. 2002 , van der Aa & Vanev 2002 , Glienke et al. 2011 , Wikee et al. 2011 , 2013 .
The generic concept of Phyllosticta has undergone substantial changes since its establishment in 1818. Allescher (1898) considered Phyllosticta as Phoma-like, but as foliar pathogens, and Phoma Sacc. on other plant parts, and Grove (1935) regarded Phyllosticta as a parasite and Phoma as saprobe or wound parasite. Host association has been used in separating "Phyllosticta" species (Seaver 1922 , Grove 1935 , which has been widely followed in the 20 th century, and led to the introduction of numerous species names. Presently there are approximately 3,213 epithets known for Phyllosticta (http://www.indexfungorum.org, accessed August 2017), but many of these reflect old concepts of the genus, and have been accommodated elsewhere (van der Aa & Vanev 2002) . Phyllosticta s. str. was first monographed by van der Aa (1973) , who described and illustrated 46 species, and listed the sexual morphs for 12 species, and the spermatial morphs for 17 based mostly on material collected in Europe and North America. More recently, van der Aa & Vanev (2002) 
Sequence alignment and phylogenetic analysis
Sequence data of combined ITS, ACT, tef1-α, LSU and GPDH loci were used to infer the phylogenetic relationships of P. dendrobium, P. illicium and other reported Phyllosticta species for which confirmed sequence data were available from GenBank (http://www.ncbi.nlm.nih.gov/genbank/). A multiple alignment was done in MEGA v. 6 (Tamura et al. 2013 ) and analyses were performed in PAUP v. 4.0b10 (Swofford 2002) and MrBayes v. 3.1.2. (Ronquist & Huelsenbeck 2003) . Prior to phylogenetic analysis, ambiguous sequences at the start and the end were deleted and gaps manually adjusted to optimize alignment. Maximum Likelihood bootstrap values (ML-BS) obtained from 1000 replicates were performed using raxml GUI 1.31 (Michalak 2012) with the GTRGAMMA and GTRCAT models to assess the reliability of the nodes. Maximum Parsimony (MP) analysis was conducted using heuristic searches as implemented in PAUP, with the default options method. Analyses were done under different parameters of maximum parsimony criteria as outlined in Zhang et al. (2008) . Clade stability was assessed in a bootstrap analysis with 1000 replicates, random sequence additions with maxtrees set to 1000 and other default parameters as implemented in PAUP. For the Bayesian analysis, the best-fit model of nucleotide evolution (GTR+I+G) was selected by Akaike information criterion (AIC; Posada & Buckley 2004) in MrModeltest 2.3. The metropolis-coupled Markov Chain Monte Carlo (MCMCMC) approach was used to calculate posterior probabilities (Huelsenbeck & Ronquist 2005) . A preliminary Bayesian inference (BI) analysis using MrBayes revealed that the Markov Chain Monte Carlo steady state was reached after less than 10,000 generations (the average standard deviation of split frequencies was constantly below 0.01). A conservative burn-in of 100 dendrograms was chosen and a full analysis of 5,000,000 generations was carried out with sampling every 100 generations. Trees were viewed in TREEVIEW (Page 1996) . The nucleotide sequences reported in this paper were deposited in GenBank, and alignments in TreeBASE (S21576).
Results
The combined ITS, ACT, tef1-a, LSU and GPDH dataset comprised 114 strains. The dataset consisted of 2521 characters after alignment, and all sites were included in the MP analysis. Of the included bases, 768 sites (30.5%) were parsimony-informative. A heuristic search with random addition of taxa (1000 replicates) and treating gaps as missing characters generated 720 equally parsimonious trees. All trees were similar in topology and not significantly different (figures not shown). One of the most parsimonious trees (TL = 3898, CI = 0.408, RI= 0.780, RC = 0.319) is shown in Fig. 1 .
Taxonomy
Phyllosticta dendrobii S. Lin, Y. Zhang ter, sp. nov. Etymology -Named after the host genus from which it was collected, Dendrobium nobile. Conidiomata pycnidial, mostly aggregated in clusters, black, erumpent, globose to clavate or elongated with necks up to 700 μm long, exuding colourless to opaque conidial masses. Pycnidia up to 280 μm diam. Pycnidial wall of several layers of textura angularis, up to 40 μm thick, inner wall of hyaline textura angularis. Ostiole central, up to 20 μm diam. Conidiophores reduced to conidiogenous cells, Conidiogenous cells terminal, subcylindrical, hyaline, smooth, 6-10 × 3-4 μm, proliferating several times percurrently near apex. Conidia (5-)8-9(-10) × 5(-7) μm, solitary, hyaline, aseptate, thin and smooth walled, coarsely guttulate, or with a single large central guttule, ovoid to irregularly ellipsoid, enclosed in a thin mucoid sheath, 1-2 μm thick, and bearing a hyaline, apical mucoid appendage, (4-)6-9(-10) × 2(-3) μm, flexible, unbranched, tapering towards an acutely rounded tip. After 2 months, mucoid sheath and apical mucoid appendage disappear. Ascomata similar to conidiomata in general anatomy. Asci bitunicate, hyaline, clavate to broadly fusoid-ellipsoid, 54-95 × 8-13 μm, with visible apical chamber, 2 μm diam. Ascospores bito multi-seriate, hyaline, smooth, granular to guttulate, aseptate, straight and slightly curved, widest in the middle, limoniform with obtuse ends, (12-)14-16(-18) × 3-6 μm, with distinct hyaline gelatinous caps at both ends, mostly less than 10 µm, seldom over 15 µm long. 
CBS 112067
Abies concolor
Aloe ferox Culture characteristics: Colonies erumpent, spreading, with sparse aerial mycelium and feathery margins, diameter up to 31 mm after 1 week and 68 mm after 2 weeks at 28℃. On MEA surface olivaceous-grey, reverse iron-grey. Specimen examined -CHINA, Jiangxi province, associated from Dendrobium nobile, 9 October, 2014, leg. X. Sun (HMAS255228, holotype) ; CGMCC 3.18666 (ex-type), CGMCC 3.18665; CGMCC 3.18667.
Notes -The subclade consists of P. alliacea Motohashi, Jun. Nishikawa & C. Nakash., P. capitalensis, P. fallopiae Motohashi, I. Araki & C. Nakash., Guignardia musicola Wulandari, L. Cai & K.D. Hyde and P. dendrobii received high bootstrap support with P. dendrobii basal to all other species (Fig 1) . The conidia of Phyllosticta are mostly 10-25 μm long (Wikee et al. 2011) , while the small conidia of P. dendrobii can be easily distinguishable from most reported species of Phyllosticta. Morphologically, P. dendrobii is comparable with P. aplectri, which was reported from Aplectrum hyemale (Orchidaceae). Although the condial dimensions of P. dendrobii and P. aplectri are similar (5-8 × 4-6 µm vs. (5-)8-9(-10) × 5(-7) μm), the pycnidia of P. dendrobii are larger those of P. aplectri (up to 280 μm vs. 65-90 µm) . Phyllosticta dendrobii is the first Phyllosticta species reported from Dendrobium. Phyllosticta illicii S. Lin, Y. Zhang ter, sp. nov. Etymology -Named after the host genus from which it was collected, Illicium verum. Conidiomata pycnidial, mostly aggregated in clusters, black, erumpent, globose to clavate or elongated with necks up to 500 μm long, exuding colourless to opaque conidial masses. Pycnidia up to 200 μm diam. Pycnidial wall of several layers of textura angularis, up to 40 μm thick, inner wall of hyaline textura angularis. Ostiole central, up to 25 μm diam. Conidiophores reduced to conidiogenous cells, Conidiogenous cells terminal, subcylindrical, hyaline, smooth, 7-13 × 3-5 μm; proliferating several times percurrently near apex. Conidia (12-)13-15(-17) × 7(-9) μm, solitary, hyaline, aseptate, thin and smooth walled, coarsely guttulate, or with a single large central guttule, ovoid to irregularly ellipsoid, enclosed in a thin mucoid sheath, 1 μm thick, and bearing a hyaline apical mucoid appendage, (6-)18-35(-36) × 1 (-2) μm, flexible, unbranched, tapering towards an acutely rounded tip. After 2 months, mucoid sheath and apical mucoid appendage disappear. Spermatia occurring in the same conidioma with conidia, hyaline, smooth, guttulate to granular, bacilliform, 7-13 × 2-3 μm.
Culture characteristics -Colonies erumpent, spreading, with sparse aerial mycelium and feathery margins, diameter up to 33 mm after 1 week and 76 mm after 2 weeks at 28℃. On MEA surface olivaceous-grey, reverse iron-grey.
Specimen examined -CHINA, Guangxi Province, associated from Illicium verum, Notes -Phylogenetically, the sub clade comprised of P. illicii is well supported, and sibling to other species of Phyllosticta (Fig 1) . Morphologically, the long apical mucoid appendage is distinguishable from most other species of Phyllosticta (mostly shorter than 15 μm, van der Aa 1973, van der Aa & Vanev 2002). Phyllosticta illicii is the first Phyllosticta species reported from Illicium. 
Discussion
The morphological characteristics of P. dendrobii and P. illicii, such as aseptate, hyaline conidia that are usually covered by a mucoid layer and bearing a single apical appendage of fit well within Phyllosticta well (van der Aa 1973 , van der Aa & Vanev 2002 . The long apical appendage of P. illicii and small conidia of P. dendrobii differ from most reported species of Phyllosticta.
Both P. dendrobii and P. illicii were isolated as endophytic fungi from healthy tissues of Dendrobium nobile and Illicium verum respectively in this study. Several other species of Phyllosticta have been reported as endophytes, such as P. capitalensis, which is a cosmopolitan endophytic species reported on more than 20 hosts in eight countries (Okane et al. 2001 , Baayen et al. 2002 , Okane et al. 2003 , Glienke et al. 2011 . Phyllosticta bifrenariae and P. brazilianiae were reported as endophytes on Bifrenaria (Orchidaceae) and Mangifera indica (Anacardiaceae) respectively in Brazil (Glienke et al. 2011) . Phyllosticta ilicina and P. spinarum were isolated from healthy leaves of Quercus ilex (Fagaceae) and Platycladus orientalis (Cupressaceae) respectively (Collado et al. 1996 , Wijeratne et al. 2008 . The relationships between hosts and entophytes, however, can be mutualistic, symbiotic, antagonistic or neutral, and may turn pathogenetic during host senescence (Hyde & Soytong 2008 , Rodriguez & Redman 2008 , Rodriguez et al. 2009 , Aly et al. 2011 .
Orchid seems a common host for Phyllosticta, and several species have been reported from plants of Orchidaceae. Phyllosticta capitalensis and P. bifrenariae were reported on Stanhopea and Bifrenaria (Orchidaceae) respectively in Brazil, and P. speewahensis from Vanda (Waxy Blue, Orchidaceae) in Australia (Hennings 1908 , Glienke et al. 2011 , Shivas et al. 2013 . Host association has been used in species identification of Phyllosticta, and this has been proved to be unacceptable (van der Aa 2002 (Wikee et al. 2013) . The host specificity of Phyllosticta is not clear yet, while it may depend on the particular species or their life style. Some species that cause plant diseases show host specificity, while the entophytic ones tend to be generalists (Wikee et al. 2013 ).
